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E-mail address: aldalea.ufma@hotmail.com (A.L.B.A mercury ﬁlm electrode was used to determine direct and simultaneously Pb(II) (at 410 mV) and Cu(II)
(at 100 mV) in biodiesel by anodic stripping voltammetry. A linear response was obtained for Pb(II) and
Cu(II) in the 2.00  108–1.00  107 mol L1 concentration range and detection limits were
2.91  109 mol L1 and 4.69  109 mol L1 for Pb(II) and Cu(II), respectively, with recovery around of
100.0%.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
Biodiesel can be used in diesel engines as pure fuel (B100), or as
blended (BX) at any level with petroleum diesel with some changes
in the hoses and gaskets of the engines. B5, for example, is the mix-
ture of 5% of biodiesel and 95% of petroleum diesel. In Brazil, since
2010, all diesel fuel contains 5% of B100 [1]. In the United States,
B20 is recognized as an alternative diesel fuel. Governments
around the world, such as the US, Brazil, China, and India have
set goals for increased biofuel use and research into processing of
raw materials that minimize competition with food and water [2].
As pure biofuel or blending stock, biodiesel must follow the
speciﬁcations in according the standards ASTM D6751 [3] and EN
14214 [4], in order to attend the maximum allowable concentra-
tions of contaminants in pure (B100) and ﬁnished product. Other
chemical physical properties are also required, considering a safe
and satisfactory engine operation [1,3] besides the quality of bio-
diesel. Quality control of biodiesel fuel on metal content is impor-
tant as they may change the motor performance and may be all rights reserved.
l Technology, LPQA/LAPQAP-
Marques).pollution source, with consequences to the human health [5,6].
Besides the possible presence in the biofuels, lead and cooper are
among the most common environmental contaminants and impor-
tant for industry.
Electroanalytical methods are commonly used and the stripping
voltammetry (SV) has been proven as one of the most efﬁcient
electroanalytical techniques for metal determination [7–10]. Stud-
ies have been conducted in order to improve the samples treat-
ment, most using spectroscopic techniques [11,12] and few
studies has showed the use of microemulsions in determinations
of metals in fuels [13–15] by stripping voltammetry. These studies
have shown that microemulsions are a satisfactory media for per-
forming electrochemical measurements, especially in biodiesel,
due to the difﬁculty of direct analysis, because of its volatility, cor-
rosiveness and immiscibility with water.
In the present work a simple and direct procedure is presented
to determine simultaneously Pb(II) and Cu(II) in microemulsion of
biodiesel, based on the differential pulse anodic stripping voltam-
metry (DPASV) at a mercury ﬁlm electrode (MFE) prepared in situ.
Additionally, the advantage of using MFEs are reported, especially
regarding of very small quantity of mercury in the preparation of
modiﬁed electrodes, providing mechanical stability and a larger
surface/volume ratio [16,17].
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2.1. Apparatus
A three-electrode system of a working electrode, Ag/AgCl (KCl
saturated) reference electrode and Pt counter electrodes was used
throughout the study. The working electrode was a MFE prepared
by in situ procedure on glassy carbon (GC) electrode surface. Vol-
tammograms of DPASV were obtained by using a Potentiostat
BAS voltammetric analyzer CV-50W model. Ultrapure water pre-
pared from the Nanopure D4741 model (Ultrapure Water System),
was used throughout the study.
2.2. Reagents and solutions
Pb(II) and Cu(II) standard stock solutions were prepared from
Titrisol standard, 1000 mg L1 (Merck). The other standard solu-
tions were prepared by placing 31.8 lL of Cu(II) (1000 mg L1)
and 103.7 lL of Pb(II) (1000 mg L1) into a 50.0 mL volumetric
ﬂask to obtain an aqueous solution whose ﬁnal concentration of
both ions was 1.00  105 mol L1.
The microemulsion was prepared with the following reagents:
4.00 mL of nitric acid (PA and suprapure) 1.00  102 mol L1
aqueous solution with 1.50 mL of biodiesel, leaving under stirring
for 5 min [14]. Then, 8.00 mL of propan-1-ol, under mild agitation
for about 10 min, were added. This microemulsion had an apparent
pH around 1.5. For all electrochemical experiments, 10.00 mL of
this mixture was added into the electrochemical cell and deaerated
with nitrogen for 20 min. For the optimization of the operational
parameters of the equipment, we also used 10.00 mL of the same
microemulsioned mixture but without biodiesel.
2.3. MFE preparation
The GC electrode surface was, ﬁrstly, adequately polished (alu-
mina 0.3 lm) and cleaned, washing it with puriﬁed water and
putting it into an ultrasonic bath for 15 min. The electrochemical
deposition of mercury ﬁlm was performed by adding 60 lL of stan-
dard solution of Hg(II) 1000 mg L1 diluted to a ﬁnal volume of
10.0 mL with the electrolyte solution, resulting in a concentration
solution of Hg(II) ions 3.00  105 mol L1. After this step the solu-
tion was deaerated with nitrogen for 10 min to remove molecular
oxygen and then a deposition potential of 900 mV was applied to
the system for 10 min before analyte deposition.
2.4. Analysis of Pb(II) and Cu(II) in biodiesel
The experiments were realized in same solution of MFE prepa-
ration. MFE was applied to metallic standard solution and samplesFig. 1. Voltammograms (A) and standard addition curves (B) for biodiesel microemulsion
of Pb(II) and Cu(II). Edep: 700 mV, Amplitude: 50 mV; t: 20 mV s1; tpre: 300 s.of biodiesel in an electrochemical cell with 10.00 mL of microemul-
sion solution with apparent pH 1.5. The measurements of metallic
ions in biodiesel were performed by differential pulse anodic strip-
ping voltammetry (DPASV). In each series of analysis, a new MFE
was prepared in order to get a better reproducibility.3. Results and discussion
For the experiments of the MFE response in presence of Pb(II)
and Cu(II) the electrode was ﬁrst immersed in an electrochemical
cell containing 9.00 mL of blank and 60 lL of Hg(II). After mercury
deposition, 1.00 mL of biodiesel microemulsion was added and a
deposition potential of 700 mV for 5 min was applied, sweeping
the potential until +100 mV. The inﬂuence of various parameters
were considered as most important, such as, time of pre-concen-
tration (tpre), deposition potential (Edep), potential scan rate (t),
amplitude of application of potential pulses (Amp) and composi-
tion of the microemulsions for the simultaneous determination
of Pb(II) and Cu(II), using an in situ MFE preparation. This study
was carried out in the same electrolytic mixture used for the metal
determination in biodiesel microemulsion.
All studied parameters were observed to affect the electroana-
lytical performance of the DPASV measurements referent to the
stripping peaks of Pb(II) (around 400 mV) and Cu(II) (around
100 mV). These optimization studies were performed with Pb(II)
and Cu(II) ion concentration of 9.00  108 mol L1 in the support-
ing electrolyte mixture. According to the optimization of the
parameters of DPASV, the values chosen for tpre, Edep, Amp and t
were 5 min, 700 mV, 50 mV and 20 mV s1, respectively, because
they meet the expectations in terms of resolution and sensitivity
for the system and the experimental conditions in question. The
same behavior obtained before for biodiesel microemulsion was
observed for all parameters in this medium, in absence of biodiesel.3.1. Stability of the electrode
Subsequent to the optimization studies seeking for better
experimental conditions, a feasibility trial on the stability, sensitiv-
ity and reproducibility of MFE, adequate for the simultaneous
determination of metals in biodiesel microemulsions was carried
out. The aim was to ﬁnd out the ideal analytical conditions to
determine Pb(II) and Cu(II) in this medium. In this study, the mer-
cury ﬁlm was found to be stable even after 12 cyclic voltammetric
scans, because the electrode, after the formation of the mercury
ﬁlm, was used only for a same series of measurements. On the
other hand, it was not removed from the medium where it has
been prepared, being the sample added to this supporting electro-
lyte. Another new fresh surface was formed in a very simple waysample containing standard additions between 2.00  108 and 9.00  107 mol L1
Table 1
Figures of merit for metal determination in biodiesel microemulsion considering 95% of conﬁdential level for n = 3.
Evaluated parameters Pb(II) Cu(II)
E0
0 420 mV 105 mV
Linear concentration range 2.00  108–1.00  107 mol L1 2.00  108–1.00  107 mol L1
LOD 2.91  109 mol L1 4.69  109 mol L1
R 0.993 0.996
Coefﬁcient of variation for metal determination in biodiesel microemulsion 19.4% 18.0%
Table 2
Recovery tests for Pb(II) and Cu(II). Determination in biodiesel microemulsion samples.
Added value of Pb(II) and Cu(II) (mol L1) Recovered value (mol L1) Recovered percentage (%)
Pb(II) Cu(II) Pb(II) Cu(II)
3.00  108 2.85  108 3.14  108 95.0 104.7
6.00  108 5.55  108 6.22  108 92.5 103.7
9.00  108 8.92  108 9.26  108 99.1 102.9
1.20  107 1.17  107 1.31  107 97.5 109.2
1.50  107 1.41  107 1.65  107 94.0 110.0
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ited and made ready for the second measurement series.3.2. Determination of metals in biodiesel samples
The voltammetric experiments and corresponding analytical
curves for the simultaneous determinations of Pb(II) and Cu(II)
were carried out in the electrolyte solution by DPASV with MFE
prepared in situ. In these conditions, after scanning, we observed
two peaks at potentials near 420 mV and 105 mV, attributed
to Pb(II) and Cu(II), respectively. With the addition of increasing
aliquots of standard solution of these metal ions, we observed
clearly the linear increase of the peaks current intensity, however,
there is also a shift of positions of these peaks, mainly of copper for
the anodic region. The same peaks and behavior were observed
when biodiesel microemulsion aliquot were added to the electro-
lyte solution, as showed in Fig. 1A.
All measurements were made in triplicate, whose averages
were plotted to get the analytical curves. On the other hand, it
was observed that above this region of concentration there is a
deviation from the linearity. The linear response obtained for Pb(II)
and Cu(II) in both, electrolyte solution and biodiesel microemul-
sion, showed the same behavior. For the analytical curve in the
electrolyte solution, two lines passing very close to the origin were
obtained for the two ions, on the studied conditions, in the 2.00–
10.00  108 mol L1 concentration range (not showed).
When the method was applied to the biodiesel samples, using
the standard addition method (Fig. 1B), the linear regression for
Cu(II) presented the equation: y = 1.84  106 + 79.19 x with a cor-
relation coefﬁcient (R) of 0.996. The equation for Pb(II) is
y = 1.87  106 + 86.00 x, with a correlation coefﬁcient of 0.993.
Good linearity was obtained for all situations with RP 0.993.
The standard additions method produced similar slopes for each
analyte, indicating compensation of possible matrix effect. The lim-
it of detection was deﬁned as three times the standard deviation of
ten measurements of the blank divided by the slope of the calibra-
tion curve and calculated for the biodiesel samples (3 SD/b), con-
sidering a 5 min of preconcentration time, and the values found
were 2.91  109 mol L1 for Pb(II) and 4.69  109 mol L1 for
Cu(II). The precision was evaluated through the repeatability, pre-
senting values of variation coefﬁcient of 19.4% and 18.0% for Pb(II)
and Cu(II), respectively. Table 1 shows the results for the applica-
tion to samples of biodiesel.Recovery test was carried out with a microemulsion biodiesel
sample fortiﬁed with metallic analytes and the values found were
close to 100.0%, ranging from 92.5% to 99.1% for Pb(II) and 102.9 to
110.0% for Cu(II) (Table 2 ), with average values of (95.6 ± 2.7)% and
(106.1 ± 3.3)% for Pb(II) and Cu(II), respectively. According to the
results, the proposed method was successfully applied for the
simultaneous determination of Pb(II) and Cu(II) in biodiesel micro-
emulsion samples.4. Conclusion
The use of microemulsions has proved to be a very interesting
way to overcome problems associated with the high viscosity of
biodiesel and the required ionic strength to carried out electro-
chemical measurement on this organic medium. The results ob-
tained by differential pulse anodic stripping voltammetry
presented satisfactory values for accuracy and precision and the
procedure was successfully employed in biodiesel samples. The
simple, improved and optimized procedure proposed for the direct
and simultaneous quantiﬁcation of Cu(II) and Pb(II) at trace level in
biodiesel, displays well-deﬁned wave form peaks and showed good
results in terms of analytical performance, indicating a very good
alternative to determine these metals.Acknowledgements
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